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The effects of coal-mine waters on the structure and the density of planktonic rotifer communities were
studied in lakes formed as a result of subsidence due to mining (collapse of underground tunnels).
Water samples were collected according to the standard methods from four mining lakes in Tychy-
Czu"o´w (near Katowice, southern Poland), twice a month from June till October in 2004–2006. Two of
the studied lakes were fed by mine waters but differed in ﬂow rate, conductivity, water pH, and the
amount of aquatic vegetation. The effects of those factors on the planktonic rotifer communities were
analysed. In total, 83 species and forms of rotifers were recorded. The highest diversity of rotifers was
found in the lakes with the largest patches of aquatic vegetation, while the highest density of rotifers
was observed in the smallest and the most eutrophicated lake. High-water conductivity limited both
species diversity and densities of rotifers. The rotifer communities of the studied lakes differed
signiﬁcantly in species diversity, although all the lakes were dominated by eurytopic species: Keratella
cochlearis, Brachionus angularis, Brachionus calyciﬂorus, and Polyarthra sp. In the largest lake,
characterized by the lowest conductivity and pH, the superdominant was Polyarthra luminosa, which
in the other lakes was rare or absent. Higher conductivity was correlated with a lower density of
P. luminosa, Brachionus diversicornis, K. cochlearis f. tecta, and a higher density of B. calyciﬂorus. In the
lakes with the largest patches of aquatic vegetation, conductivity affected the number of dominant
rotifer species. Apparently no other abiotic factors (pH, phosphates, and nitrates) affected the rotifer
communities.
& 2009 Elsevier GmbH. All rights reserved.Introduction
There are a few thousand artiﬁcial lakes and reservoirs in the
Silesian Upland region. They are the results of intentional
hydrotechnical works or unintentional effects of economic
activity. These water bodies are under diversiﬁed urban and
industrial pressure. It determines the character of limnic pro-
cesses, such as water circulation, water-level ﬂuctuation, thermal
and oxygenic processes, changes in water fertility, shore pro-
cesses, sediment formation, accumulation of pollutants, and
reservoir duration (Rze˛ta"a 2008). Due to long-term pollution,
the majority of freshwater ecosystems in the Silesian Upland are
characterized by high levels of chlorides, sulphates, phosphates,
nitrates, heavy metals, and radioactive isotopes (Lewin and
Smoli nski 2006).
Mining lakes are small water bodies that are formed because of
subsidence due to collapse of underground tunnels. If the. All rights reserved.
rajner).resultant depression is sufﬁciently deep, it is gradually ﬁlled with
water after some time. The bottom of such a water body is the
previous soil cover of the sunken area (Puchalski 1985). In
comparison to anthropogenic water bodies of other origin,
subsidence lakes are characterized by high conductivity, reaching
a few mScm1. This is an effect of high-water salinity (water
mineralization reaches tens of g dm1, (Rze˛ta"a 2008). Problems
with lakes formed as a result of coal mining are encountered not
only in Poland, but also in many other countries (Lewin and
Smoli nski 2006; Nixdorf et al. 2005; Z˙urek 2006; Vandysh 2004).
Mining lakes are interesting types of water bodies created as a
result of human activity, but at the same time are not easily
colonized by living organisms. Due to their usually small area and
depth, the organisms that live in them are exposed to a large
extent to unfavourable weather conditions. In some periods, the
mining lakes are characterized by a high-water temperature,
which accelerates the decomposition of organic substances and
increases 5day biochemical oxygen demand (BOD5). The high-
water temperature enhances the harmful activity of toxic
substances present in water and bottom sediments, and decreases
the oxygen solubility. Puchalski (1985) draws attention to the
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usually high since the very beginning.
So far in Poland, planktonic rotifers have been studied mostly
in other types of water bodies resulting from mining activity, e.g.
ﬂooded quarries (Ejsmont-Karabin 1995; Wilk-Woz´niak and Z˙urek
2006; Z˙urek 2006) or sand pits (Biela nska-Grajner 1987, 1983/84;
Po´"torak 1982). In acidic mining lakes, a very small amount of
planktonic rotifers was found (Deneke 2000; Wollmann et al.
2000). Also in ﬁve lakes polluted with mining wastewater on the
Kola Peninsula, only eight taxa of planktonic rotifers were
recorded, ranging from 1 to 7 in individual lakes (Vandysh 2004).
A high species diversity of rotifers (71 taxa) was recorded in
the mining Lake Jedlina (Silesian Upland), but it was not polluted
with mine waters (Biela nska-Grajner and Niesler 2002), while inFig. 1. Location of study area.
Fig. 2. Average density of planktonicthe mining lake located in Łe˛czna-W"odawa Lakeland (Pojezierze
Łe˛czy nsko-W"odawskie), only 9 species were found (Radwan and
Paleolog 1983).
The aim of this study was to answer the question: how do mine
waters with high conductivity, pH, oxygenation, nitrates, phos-
phates, and aquatic vegetation affect the variation in planktonic
rotifer communities in lakes formed as a result of subsidence due
to coal mining.Material and methods
Study area
The mining lakes in Tychy-Czu"o´w are located in the southern
part of the Silesian Upland (southern Poland, 501N, 191E). They are
situated within the valley of the river Mleczna, whose bottom is
an outwash plain composed of Carboniferous formations. It is
lined with Miocene and Pleistocene deposits of various thick-
nesses. The Pleistocene surface layer consists of sands, clays, and
ﬁne clays dating back from the South Polish glaciation
( ¼ Saalian), and sands from the Central Polish glaciation
( ¼ Elsterian) (Kondracki 2002).
The studied forest lakes in Tychy-Czu"o´w are mining lakes,
formed in subsidence basins in a mining area in the 1970s. They
are located above underground tunnels of the Hard Coal Mine
‘Murcki’, near the head of the river Mleczna. R1 and R2 are
throughﬂow lakes, supplied with both surface and underground
waters, while R3 and R4 have no tributaries (Fig. 1). The studied
lakes differ in surface area: R1, 5000m2; R2, 3200m2; R3,
25,000m2; and R4, 2400m2 (Fig. 2). Their mean depth ranges
from 0.5 to 2.0m. Lake shores are partly covered with concrete,
and strengthened with waste rock and slag. The lakes are now
used mainly for angling (Lewin and Smoli nski 2006).
R1 is fed by waters from the wastewater sedimentation tanks
of the Hard Coal Mine ‘Murcki’. The littoral zone of R2 and R4 was
densely covered by aquatic vegetation during this study. The lakes
differed also in physicochemical parameters. Water conductivity
was the highest in R1 and the lowest in R3. Phosphates, pH, and
conductivity differed signiﬁcantly (ANOVA, F ¼ 9.55–40.20,
Po0.01). Water pH was the highest in R2 and the lowest in R3.
Similarly, concentrations of phosphates were the lowest in R3 but
the highest in R4 (Table 1).Rotifera in the studied reservoirs.
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Table 1
Chemical characteristics of the water of investigated reservoirs (average values 7SD for period June–October, 2004–2006).
Study
reservoir
Water temperature
(1C)
pH Dissolved oxygen
(mgdm3)
Phosphate
(mgdm3)
Nitrate
(mgdm3)
Conductivity
(mS cm1)
R1 16.9473.61 8.2570.38 8.6470.83 0.2570.19 0.8471.62 2022.507112.85
R2 18.1974.69 8.5370.54 9.2872.20 0.9070.70 1.1171.45 1815.007100.43
R3 18.9475.32 7.3570.35 7.6571.29 0.1670.19 0.5871.18 385.63741.86
R4 16.4475.15 8.2970.53 9.2873.40 1.1770.51 0.1670.31 1648.387639.06
I. Biela nska-Grajner, A. G!adysz / Limnologica 40 (2010) 67–72 69Methods
Material for this study was collected from the four mining
lakes from June till October in 2004–2006, every two weeks. Each
time, two types of samples were taken: qualitative and quanti-
tative. The qualitative samples were collected by throwing three
times a planktonic net made of miller’s gauze no. 25 mesh size ca.
50mm. They were used to identify the rotifer taxa, especially the
soft, illoricate forms, which are deformed during preservation. The
quantitative samples were prepared by ﬁltering 10dm3 of water
and next the sample volume was reduced to 0.05dm3. The rotifers
were counted in 0.001dm3 Kolkwitz chambers. The mean density
per 1dm3 was estimated based on three chambers.
On the basis of the results, rotifer communities were described.
The species diversity in the studied water bodies was compared
using the rarefaction method (B"e˛dzki 2007a, b). When collecting
the water samples for rotifer identiﬁcation, also physicochemical
parameters of water were measured: water temperature [1C],
dissolved oxygen [mgO2dm
3], phosphates [mgPO4dm
3],
nitrates [mgNOdm3], pH, conductivity [mS cm3], and organic
matter content [mgdm3].
All the data were analysed using STATISTICA 7.0, MVSP 3.1, and
ECOSIM software (Sanders 1968; Hurlbert 1971; Gotelli and
Entsminger 2006). One-way ANOVA was applied for analysis of
differences in physicochemical parameters between the studied
lakes. To analyse the relationships between some rotifer taxa and
selected physicochemical parameters of water, principal compo-
nents analysis (PCA) and canonical correspondence analysis (CCA)
were used. Additionally, these relationships were conﬁrmed by
the calculated Pearson correlation coefﬁcients.Results
In total, 83 species and the morphological forms of rotifers
were recorded in the four lakes. The numbers of identiﬁed rotifer
taxa were similar in all lakes. The largest numbers of species were
recorded in the lakes with the largest patches of aquatic
vegetation (R2 and R4). In both lakes, 48 species and forms of
rotifers were recorded. The smallest number, i.e. 40 species and
forms of rotifers, were found in R1, where conductivity was the
highest. In R3, characterized by the lowest conductivity and pH,
45 rotifer taxa were found.
The substantial differences in rotifer densities were observed
between the lakes. The highest mean density (8504 ind. dm3)
was recorded in the smallest and most eutrophicated lake (R4),
while the lowest (357 ind. dm3) in the lake where conductivity
was the highest (R1). The mean density in R2 was 1279 ind. dm3,
whereas in R3 it reached 3261 ind. dm3. The density of rotifers in
R1 was signiﬁcantly different from their densities in R3 and R4
(Fig. 2).
The differences in species diversity between the studied lakes
are reﬂected in their rarefaction curves (Fig. 3). It can be noticed
that the rotifer communities in R3 and R4 are similar (the R3
curve lies within the 95% conﬁdence interval of the R4 curve). The
species diversity in R1 and R2 is clearly different than in the othertwo. The rarefaction curve for lake R1 does not enable a complete
analysis because of the small number of individuals, as compared
with the other lakes. However, the R1 curve only slightly overlaps
the conﬁdence interval of the R2 curve, which suggests signiﬁcant
differences in species diversity between the two lakes.
The rotifer communities of the studied lakes clearly differed in
the dominance structure. In R1, no species was classiﬁed as a
superdominant (D430%), while 4 species were classiﬁed as
eudominants (D410%): Brachionus calyciﬂorus Pallas, Synchaeta
oblonga Ehrenberg, P vulgaris Carlin, and Keratella cochlearis Gosse,
which in R2 and R3 was also an eudominant, while in R4 it was
classiﬁed as a superdominant. In R2, apart from the above-
mentioned K. cochlearis, also three other species were classiﬁed as
eudominants: P. vulgaris, Brachionus angularis Gosse, and
K. cochlearis f. tecta. R3 was characterized by the presence of
one superdominant, Polyarthra luminosa Kutikova, which in the
other lakes was rare (Fig. 4).
With respect to conductivity, the studied lakes can be divided
into three groups: with very high values of conductivity (R1 and
R2), with a high value (R4) and with a very low value of this factor
(R3) (Fig. 5). At the same time, the principal components analysis
(PCA) indicates that some species are associated with habitats
with speciﬁc values of conductivity (Fig. 6).
The canonical correspondence analysis (CCA) shows that
abiotic factors affect the structure of rotifer communities. In the
studied lakes, it can be noticed that axis 1 is not only strongly
connected with some environmental factors, e.g. conductivity, pH,
oxygenation, but also nitrates, and simultaneously reﬂects the
reactions of rotifers to those factors. Axis 2 is more closely related
with water temperature and phosphates (Fig. 7).
Our results show that the densities of some species are
signiﬁcantly correlated with conductivity. At higher values of this
factor, a decrease was observed in densities of species like
P. luminosa (r ¼ 0.38, P ¼ 0.03), Brachionus diversicornis Daday
(r ¼ 0.44, P ¼ 0.01), and K. cochlearis f. tecta (r ¼ 0.41,
P ¼ 0.02). An inverse relationship was observed for B. calyciﬂorus
(r ¼ 0.37, P ¼ 0.04). The conductivity was also correlated with the
number of species in individual water bodies. This relationship
was conspicuous in the lakes whose littoral zone was devoid of
large patches of aquatic vegetation, which were found to increase
the species diversity in other lakes. In R1 and R3, we observed that
the number of abundant species and forms of rotifers were
signiﬁcantly smaller if conductivity was high (r ¼ 0.51,
P ¼ 0.04).
In the studied lakes, no inﬂuence of the other studied abiotic
factors was detected (e.g. pH, phosphates, or nitrates on the
diversity and density of rotifers).Discussion and conclusions
The studied mining lakes, in spite of common origin and close
location to one another, differed in size, water ﬂow, and
physicochemical parameters of water. Similar numbers of rotifer
taxa were recorded there (from 40 in R1, to 48 in R2 and R4) as in
the strongly polluted mining lake Herman in Chorzo´w, where 41
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Fig. 4. Dominance structure of planktonic rotifers in the studied reservoirs (% in total numbers).
Fig. 3. Rarefaction curves of rotifera species’ richness in the studied reservoirs.
I. Biela nska-Grajner, A. G!adysz / Limnologica 40 (2010) 67–7270species and forms of rotifers belonging to 19 genera were found
(Biela nska-Grajner and Majewska 1994). In a mining lake in Lublin
(eastern Poland), a smaller number was recorded: 33 species and
forms of rotifers (Radwan et al. 1991). Similar numbers were
reported from other parts of the world. In New Zealand, in Lake
Weaver, formed as a result of surface coal mining, 34 species and
forms of rotifers were identiﬁed (Balvert et al. 2009). In contrast,in a lake supplied with mine waters in the Łe˛czna-W"odawa
Lakeland, only 9 rotifer taxa were found (Radwan and Paleolog
1983).
In this study, the largest numbers of species and forms were
recorded in the lakes with the largest patches of littoral vegetation
(R2 and R4: 48 taxa each). Littoral vegetation in most lakes and
ponds supports more rotifer species than other habitat types. This
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Fig. 5. Pincipal components analysis (PCA) of conductivity and reservoirs.
Fig. 6. Pincipal components analysis (PCA) of conductivity and species.
Fig. 7. Canonical correspondens analysis (CCA) ordination diagram showing the relation between Rotifera and environmental variables.
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macrophyte species (Pejler 1995).
In order to compare rotifer species diversity in the studied
lakes, and to answer the question if the observed differences are
statistically signiﬁcant, we used the rarefaction method (rando-
misation). B"e˛dzki (2007a, b) believes that in order to determine
the non-biological effects associated with the inﬂuence of sample
size on estimates of species diversity, researchers should use zeromodels, based on the Monte Carlo method (e.g. the rarefaction
method), rather than statistical tests (e.g. ANOVA), which are
often applied for species diversity analysis. The rarefaction curves
of species diversity, for rotifer communities in individual lakes in
Tychy-Czu"o´w, show signiﬁcant differences between them (Fig. 2).
Among the studied lakes in Tychy-Czu"o´w, both diversity and
density of rotifers were the lowest in lakes characterized by the
highest conductivity. It is a very complex environmental factor.
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can be treated as a signiﬁcant indicator of water quality in respect
to the concentration of mineral salts (Radwan 1984). The values of
conductivity depended mostly on the concentrations of chlorides
and sulphates in the investigated reservoirs. This was conﬁrmed
by data from chemical analyses of water in those reservoirs in
1993–2005 (Lewin and Smoli nski 2006).
In R1, where conductivity exceeded 2000mS cm3, both species
diversity and density of rotifers were the lowest. Also Wollmann
et al. (2000) recorded the smallest number of rotifer species in a
mining lake with the highest conductivity (42000mS cm3). In
R1, the most abundant was B. calyciﬂorus, but also S. oblonga,
P. vulgaris and K. cochlearis. These species are eurytopic, showing
high tolerance to water pollution.
The studied lakes are supplied with mine waters. This strongly
affects rotifer communities in that area. Negative effects of mine
waters on zooplankton and zoobenthos were observed also in the
river Swinka (eastern Poland), where river species were gradually
replaced by eurytopic species, e.g. B. angularis, B. calyciﬂorus, and
P. vulgaris (Radwan et al. 1991).
In the largest lake (R3), P. luminosa, was very abundant (430%).
This mining lake was fertile, like the other three lakes, but was
distinguished by the lowest conductivity. It is free from pollution
with mine waters. In the other studied lakes, P. luminosa was rare
and never abundant, which suggests that its occurrence depends
on the concentration of mineral salts in water. This study has
revealed some dependence between densities of some rotifer
species and values of conductivity. As its values rose, a decrease
was observed in densities of P. luminosa, B. diversicornis and,
K. cochlearis f. tecta, whereas the density of B. calyciﬂorus
increased. Many authors who studied the effects of abiotic factors
on zooplankton, including rotifers, did not observe any correlation
between the concentrations of mineral salts and rotifer density
(Devetter 1998; Radwan 1980). Radwan (1984) suggests that most
species and forms of rotifers tolerate a wide range of conductivity,
and only a small group of taxa avoid waters with a high
conductivity. This group includes B. diversicornis, which is
conﬁrmed by our results from Tychy-Czu"o´w. Dery"o et al.
(2002) report that concentrations of mineral salts dissolved in
water can affect the densities of planktonic crustaceans (mostly
cladocerans), because of osmotic pressure or bioavailability of
some elements. These causes can also result in correlations
between the conductivity and the fauna of planktonic rotifers,
because these groups of zooplankton share a similar biology and
ecology.
The results of our study suggest that mine waters with a high
conductivity limit species diversity and greatly reduce the density
of planktonic rotifers.Acknowledgements
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